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$n additional calculations incorporating backbone amide R78s, the R78 force constant was set to =.1 kcal.mol -1 .Az -2 during the minimization stage, ramped from =.1 to 1.= kcal.mol -1 .Az -2 during simulated annealing, and kept at 1.= kcal.mol -1 .Az -2 in the final minimization stage.
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To exclude outliers in the experimental 1F N ! 2 /! 1 relaxation data (taken from Ryabov "#$%&'$('$)*'$+,"*'$ -./' "889, 010, 9F22) arising either from coordinate uncertainties, measurement uncertainties, or significant local motions, we developed the following iterative filtering procedure that makes use of a simplex algorithm to optimize the parameters of the diffusion tensors for E$N and APr independently while constraining the anisotropy and rhombicity of the tensors to be the same. $nitially the complete set of relaxation data is used to estimate the parameters of the diffusion tensors. Then the data point with the largest relative deviation from the back-calculated value of the $! 2 /! 1 ratio is marked as an PoutlierQ and removed from the experimental data set. This relative deviation is computed as the ratio of the difference between observed and calculated $! 2 /! 1 over the mean value for the same pair of observed and calculated $ ! 2 /! 1 ratios. The fitting is repeated with the reduced experimental data set and the next outlier determined using updated values of the fitted parameters. This procedure is repeated until a given threshold is reached. $n our study we stopped the filtering procedure after removing 13R of the data points, which, for a Saussian distribution, corresponds to retaining all data for which the deviation between observed and calculated $! 2 /! 1 values is less than 1.F!. 4, 6, 8, 11-16, 18-19, 26-29, 31-32, 36-37, 39-42, 44-47, 50, 52-53, 56-67, 72-75, 78, 80-81, 83, 85-87, 89, 91-97, 99-103, 105, 107, 109-110, 113-118, 120-124, 128, 132, 134, 136-143, 145, 149, 154-158, 160-163, 166-168, 170-171, 173, 175-183, 185, 189-190, 192-198, 201-207, 209, 212-215, 217, 219, 221-224, 226, 228-230, 232, 235-236 456!'()(!*77!'()(!./01) 23! 303-310, 312, 314-315, 317, 319-322, 324-328, 330-337, 340, 342-347, 350-352, 356-382 !"#li&it(li)t)(*+(,e)id/e)(e"&l/ded(+,*4(t1e(" #$%&' (e0e,23(te,45( ( $%&!'()(!*8#!'()(!./01) 23! 5, 7, 10, 20, 23-25, 30, 70-71, 84, 98, 119, 146-148, 150-152, 210, 220, 241, 243-244 456!'()(!*9!'()(!./01) 23! 313, 316, 339, 348, 354-355, 383-385 
Calculation of the ratio of relaxation rates
The values of longitudinal (R 1 ) and transverse (R 2 ) relaxation rates can be calculated as follows:
where ! N and ! H are the Larmor frequencies for precession of 15 N and 1 H nuclei spins, is the strength of the 1 H-15 N dipolar coupling, and ! describes the effect of the anisotropy of the 15 N chemical shift.
The spectral density function, J(!), is given by the cosine Fourier transform of the correlation function C(t):
Thus, evaluation of the correlation function C(t) is central to the calculation of the R 1 and R 2 relaxation rates. This function describes correlations between the initial orientation of a vector associated with particular N-H bond and that bond's orientation at some subsequent time t.
Since the interaction between the 1 H and 15 N nuclei can be described as the interaction between two quantum spins, it is convenient to represent the correlation function C(t) using the basis of eigen functions of the symmetric quantum rotator -Wigner rotation matrices of second rank, , in the form:
where the angular brackets denote ensemble averaging, the asterisk denotes complex conjugation, and and denote the rotational transformation from the laboratory reference frame, L, to the reference frame associated with instantaneous orientations, I, of the N-H bond at times 0 and t, respectively.
Explicit expressions for the components of the Wigner rotation matrices can be written in simple form using the y-convention for Euler angles to describe the rotation transformations described above: the angle 0 ! ! < 2 " describes clockwise rotation about the z axis of the initial reference frame; the angle 0 ! # ! " describes clockwise rotation about the y axis obtained as a result of the first rotation; and the angle 0 ! $ < 2 " describes the rotation about the z axis obtained as a result of the second rotation.
For this convention the angular dependence of the Wigner rotation matrices on the angles !, #, and $ can be factorized in the form (S5) ! "# where i denotes the imaginary unit, the indices m and n take the values -2,-1,0,1,2 and ! are the components of the second rank reduced Wigner rotation matrix:
The other 16 elements of ! are given by the symmetry relationships:
Let us again consider correlation function C(t). It is natural to introduce together with the laboratory reference frame, L, and the reference frame of instantaneous N-H bond vector orientation, I, the reference frame associated with the average orientation of the N-H vector within a molecular reference frame of the entire protein, A, the molecular reference frame itself, M, and a reference frame associated with the principal axis of the diffusion tensor describing tumbling of whole protein, D. In this case the correlation function under consideration can be written as follows:
where ! describes the transformation from the laboratory reference frame, L, to the reference frame of the overall rotation diffusion tensor, D; ! describes the transformation from the reference frame of the overall rotation diffusion tensor, D, to the molecular reference frame of the protein, M; ! describes the transformation from molecular reference frame, M, to the average orientation of the N-H bond vector of a particular amino acid residue, A; and, finally, ! describe the transformation from the average orientation of the N-H bond vector of an amino acid residue, A, to its instantaneous orientation, I.
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In this work we assume that the structure of the protein, and hence its overall rotation diffusion tensor, are constant. Hence, the time dependence of and can be ignored which, in this case, simply define the orientations of the principal axis frame of the protein rotational diffusion tensor and the orientation of the N-H bond vector with respect to the protein molecular frame. Thus, the only motions remaining are the overall diffusion tumbling of the whole protein encoded in the transformation and the fast libration of the N-H bond around its average orientation encoded in the transformation . These types of motion occur on substantially different time scales: nanoseconds for overall tumbling and picoseconds for libration. Therefore, averaging of the correlation function with respect to these two motional modes can be treated independently which simplifies the equation for C(t) to:
Bond libration is usually treated within the framework of the "Model Free" approach (Lipary & Szabo J. Am. Chem. Soc. 1982, 104, 4546) which assumes that (S10) where is Kronecker delta symbol, is the order parameter, and is the characteristic time scale of local N-H bond motion. The overall diffusion tumbling of a rigid body was treated by Favro (Phys. Rev. 1960, 119, 53) . Applied to the case of interest this theory leads to the expression (S11)
where denotes the eigenvalues of the differential operator of the anisotropic three-dimensional rotational diffusion, and are decomposition coefficients of the eigenvectors of this operator on the complete set of basis vectors of the symmetric quantum rotator -Wigner rotation matrices . and depend only on eigenvalues of the protein diffusion tensor, , , and , while the orientation of the diffusion tensor relative to the protein molecular frame is described by . Thus, the general form of the correlation function is as follows:
where is given by the expressions:
(S13) with (S14) (S15) and are given by the matrix:
For the current implementation of the potential term which uses the ratio of relaxation rates , the impact of local mobility is canceled in the final equations for . Thus, for our current purposes we can neglect the impact of local mobility by assuming . In this case after Fourier transformation one obtains the following expression for the spectral density that is used in the structure calculations:
(S16) In Eq. [S16], and depend only on the eigenvalues of the protein diffusion tensor , , and ;
specifies the orientation of the rotation diffusion tensor; and specifies the orientation of the particular N-H bond vector relative to protein molecular frame. Using the properties of Wigner rotation matrices, Eq.
[S16] can be rewritten in shorter form as:
(S17)
where the function (S18) depends only on the eigenvalues of the protein rotation diffusion tensor, , and on the orientation of a particular N-H bond vector relative to the principal axis frame of the tensor, .
HIV-1 protease 15 N relaxation data
The experimental 15 N R 1 and R 2 relaxation data were taken from from Tjandra et al. J. Biomol. NMR 1996, 8, 273 . The list of residues included in the E relax energy term (which excludes residues with significant local motions, as described by Tjandra et al.) is as follows: 10-15, 18-22, 24, 32, 33, 43, 45, 46, 48, 49, 52, 53, 55, 58, 60, 61, 63, 66, 70, 71, 74, 77, 84, 85, 87-93, 96 . Altogether 45 15 N R 2 /R 1 ratios per HIV-1 protease subunit were employed in the calculations. # set up Miyazawa contact potential from residueAffPotTools import create_ResidueAffPot ra = create_ResidueAffPot('hydphob', interdomainContacts=True, potentialName="Miyazawa") ra.setAveType("center") ra.setMoveTol(0.5) ra.setCutoffLong (20) ra.setScale (10) potList_1.append(ra) potList_2.append(ra) rampedParams.append ( MultRamp(1,50, # Give atoms uniform weights, except for the anisotropy axis from atomAction import SetProperty import varTensorTools AtomSel("not resname ANI").apply( SetProperty("mass",100.) ) AtomSel("all ").apply( SetProperty("fric",10.) ) # compare atomic Cartesian rmsd with a reference structure # backbone and heavy atom RMSDs will be printed in the output # structure files from posDiffPotTools import create_PosDiffPot refRMSD = create_PosDiffPot("refRMSD", selection="(name CA and resid 3:249) or (name CA and resid 301:385)", selection2="(name CA and resid 3:249) or (name CA and resid 301:385)", pdbFile='reference_docking_structure.pdb', cmpSel=" (name CA and resid 3:249) or (name CA and resid 301:385) ") # setup parameters for atom-atom repulsive term. (van der Waals-like term) # potList_1.append( XplorPot('VDW') ) potList_2.append( XplorPot('VDW') ) score.append( XplorPot('VDW') ) rampedParams.append( StaticRamp("protocol.initNBond()") ) rampedParams.append( MultRamp(0.9,0.8, "command('param nbonds repel VALUE end end')") ) rampedParams.append( MultRamp(.01,4, "command('param nbonds rcon VALUE end end')") ) # nonbonded interaction only between CA atoms highTempParams.append( StaticRamp("""protocol.initNBond(cutnb=100, tolerance=45, repel=1.2, rcon=0.01, onlyCA=1)""") ) #Rama torsion angle database # protocol.initRamaDatabase() potList_2.append( XplorPot('RAMA') ) ! "#$ rampedParams.append( MultRamp(.002,1,"potList_2['RAMA'].setScale(VALUE)") ) potList_2.append( XplorPot("BOND") ) potList_2.append( XplorPot("ANGL") ) potList_2['ANGL'].setThreshold ( 5 ) 
